Introduction
============

Cervical cancer is a common malignancy of the female reproductive system, demonstrating the second highest morbidity rate among female malignancies worldwide ([@b1-mmr-22-03-1883],[@b2-mmr-22-03-1883]). Chemotherapy, radiotherapy and surgical treatment are the standard methods for treating cervical cancer; however, its 5-year survival rate remains low, with lymph node and distant metastasis being the contributing factors leading to treatment failure ([@b3-mmr-22-03-1883],[@b4-mmr-22-03-1883]). Therefore, to provide potential targets for subsequent individualized treatment, it is important to study the molecular mechanisms of the occurrence and development of cervical cancer.

MicroRNAs (miRNA/miR) are a class of non-coding RNAs that exist in numerous biological genomes, which have the function of sequence-specific regulation over gene expression ([@b5-mmr-22-03-1883],[@b6-mmr-22-03-1883]). The regulatory role of miRNAs mainly occurs at the post-transcriptional level, as miRNAs inhibit protein translation and/or promote the degradation of mRNA ([@b7-mmr-22-03-1883],[@b8-mmr-22-03-1883]). miRNAs serve important roles not only in embryonic formation and the growth and development of organisms, but also in cell proliferation, differentiation, apoptosis and the occurrence of several human diseases ([@b9-mmr-22-03-1883],[@b10-mmr-22-03-1883]). Previous studies have demonstrated that abnormal miRNA expression critically affected tumor growth, invasion and apoptosis ([@b11-mmr-22-03-1883],[@b12-mmr-22-03-1883]). In addition, miR-802 was also revealed to be involved in tumorigenesis and development, whereby it served distinct roles in different types of tumor ([@b13-mmr-22-03-1883],[@b14-mmr-22-03-1883]). However, studies into the role of miR-802 in cervical cancer are limited. In one study, Zhang *et al* ([@b15-mmr-22-03-1883]) found that miR-802 inhibited cell proliferation and induced apoptosis in human cervical cancer by targeting serine/arginine-rich splicing factor 9. Thus, the present study further investigated the effect of miR-802 on the biological characteristics of cervical cancer cells.

Studies have reported that one miRNA can simultaneously regulate hundreds of target genes, including transcription factors, cytokines and receptors ([@b16-mmr-22-03-1883]--[@b18-mmr-22-03-1883]). The regulatory networks between miRNAs and their target genes have been revealed to be involved in the occurrence and development of tumors ([@b19-mmr-22-03-1883]); miRNAs affect cell proliferation, apoptosis, invasion, angiogenesis, metastasis and other biological behaviors by regulating the mRNA translational levels of target genes, which subsequently leads to the occurrence and development of tumors ([@b20-mmr-22-03-1883]). In the current study, TargetScan 7.2 software was used to predict the target genes of miR-802; the results revealed that miR-802 has a complementary binding site in the 3′-untranslated region (UTR) of the basic transcription factor 3 (BTF3) gene. Therefore, the relationship between miR-802 and BTF3 was further investigated to determine the role of miR-802 in the occurrence and development of cervical cancer.

Materials and methods
=====================

### Patient studies

Cervical cancer tissue and adjacent tissue samples were obtained from 40 female patients (age, 43.57±2.79) with cervical cancer who attended Jingmen First People\'s Hospital between January 2018 and May 2019. The tissue samples were maintained in liquid nitrogen and stored at −80°C. Exclusion criteria: i) other gynaecological diseases; ii) severe internal and external diseases; iii) history of chemoradiotherapy; and iv) history of pelvic organ surgery. All research subjects provided written informed consent and the study was approved by the Ethics Committees of Jingmen No. 1 People\'s Hospital.

### Cell culture

The human endometrial epithelial cell (Ect1/E6E7) line were purchased from American Type Culture Collection. The cervical cancer cell lines (HeLa, C-33 A, SiHa and ME-180) were purchased from the American Type Culture Collection. All the cells were cultured in DMEM (cat. no. D0819; Sigma-Aldrich; Merck KGaA), supplemented with 10% FBS (Gibco; Thermo Fisher Scientific, Inc.) at 37°C in a 5% CO~2~ atmosphere.

### Cell transfection

Among the cervical cancer cell lines, as miR-802 was expressed at the lowest levels in SiHa cells, SiHa cells were used in the following experiments. For transfection, 2 ml cell solution, containing 1×10^6^ cells/well and culture medium, was plated into 6-well plates and incubated at 37°C in a 5% CO~2~ atmosphere until the cell confluence reached 40--60%. To prepare A transdye, 20 pmol miR-802 mimic (forward, 5′-UCAGUAACAAAGAUUCAUCCUUGU-3′ and reverse, 5′-ACAAGGAUGAAUCUUUGUUACUGA-3′; Shanghai GenePharma Co., Ltd.), the negative control for the mimic (NC-mimic; a non-targeting sequence; forward, 5′-UUUUACUACACAAAAGUACUG-3′ and reverse, 5′-CAGUACUUUUGUGUAGUACAAA-3′; Shanghai GenePharma Co., Ltd.), BTF3 overexpression plasmid (pWZL-BTF3; Shanghai GenePharma Co., Ltd.) or the empty plasmid (pWZL-Blast; pWZL-NC; Shanghai GenePharma Co., Ltd.) were dissolved in 50 µl DMEM (Hyclone; GE Healthcare Life Sciences) and fully mixed. To prepare B transdye, 1 µl Lipofectamine^®^ 2000 reagent (Invitrogen; Thermo Fisher Scientific, Inc.) was dissolved in 50 µl DMEM, incubated for 15 min at room temperature and then mixed with A transdye. This solution (50 µl) was subsequently added into each well of the plate and incubated at 37°C with 5% CO~2~. Following 24 h of transfection, the medium was changed and the cells were collected after culture for 72 h.

### Experimental grouping

To investigate the effects of miR-802 on the viability, migration and invasion of cervical cancer cells, the cells were divided into three groups: Control (untreated cells), NC-mimic (cells transfected with the NC-mimic) and miR-802 mimic (cells transfected with the miR-802 mimic) group. To determine the effects of BTF3 on the viability, migration and invasion of cervical cancer cells, the cells were divided into five groups: Control (untreated cells), pWZL-NC + NC-mimic (cells co-transfected with empty plasmid and NC-mimic), pWZL-BTF3 + NC-mimic (cells co-transfected with BTF3 overexpression plasmid and NC-mimic), pWZL-BTF3 + miR-802 mimic (cells co-transfected with BTF3 overexpression plasmid and miR-802 mimic) and miR-802 mimic (cells transfected with miR-802 mimic) group.

### Dual-luciferase activity assay

The target-binding region of miR-802 and BTF3 was predicted using TargetScan (version 7.2; [www.targetscan.org/vert_72/](www.targetscan.org/vert_72/)). For the dual-luciferase reporter assays, the 3′-UTR of BTF3 containing miR-802 binding sites was inserted into a pmirGLO dual-luciferase vector (Promega Corporation) to generate wild-type (WT) BTF3-3′-UTR. The mutant (mut) 3′ UTR of BTF3 was synthesized using a Site-Directed Mutagenesis kit (Thermo Fisher Scientific, Inc.) and inserted into the pmirGLO dual-luciferase vector to generate BTF3-3′-UTR-mut. The pmirGLO vector containing WT or mut BTF3 3′-UTR was co-transfected with the miR-802 mimic or NC-mimic into SiHa cells using Lipofectamine^®^ 2000 reagent (Invitrogen; Thermo Fisher Scientific, Inc.). Following incubation for 48 h, the relative luciferase activity in the cells was measured using a Dual-Luciferase Reporter Assay kit (Promega Corporation) according to the manufacturer\'s protocol. Firefly luciferase activities were normalized to Renilla luciferase activities.

### Cell migration assay

Following 24 h of transfection, SiHa cells were resuspended in DMEM without FBS until the cell density reached 1×10^6^ cells/ml. Then, 100 µl cell suspension was plated into the upper chambers of the Transwell plate (Corning, Inc.) and cultured at 37°C for 6 h. DMEM with 10% FBS was plated into the lower chamber. Following the incubation, the non-migratory cells were removed with a cotton swab and the migratory cells were washed three times with PBS, and fixed with 4% formaldehyde (cat. no. P0099; Beyotime Institute of Biotechnology) for 20 min at room temperature and with 1% Triton X-100 (cat. no. P0096; Beyotime Institute of Biotechnology) for 5 min at room temperature. After washing the cells three times with PBS, the cells were stained with hematoxylin (cat. no. C0107; Beyotime Institute of Biotechnology) for 20 min at room temperature and then washed under running water. Stained cells were counted in five randomly selected fields using a light microscope (magnification, ×200; Olympus Corporation); the mean number of cells per field of view was calculated.

### Cell invasion assay

Following 24 h of transfection, SiHa cells were resuspended in DMEM without FBS until the cell density reached 1×10^6^ cells/ml. The upper chambers of the Transwell plates (pore size, 8.0 µm; Corning, Inc.) were precoated with 50 µl Matrigel (BD Biosciences) for 2 h at 4°C. Then, the cell suspension was subsequently plated into the upper chamber of the Transwell plate. DMEM, supplemented with 10% FBS was plated in the lower chambers. Following incubation for 24 h at 37°C, the invasive cells in the lower chamber were fixed in 5% gluteraldehyde for 30 min at room temperature and stained with 0.5% crystal violet for 20 min at room temperature, while the non-invasive cells remaining in the upper chamber were removed using a cotton swab. Stained cells were observed in three randomly selected fields of view using a light microscope (magnification, ×200).

### Cell viability

SiHa cells (2×10^4^ cells/well) were plated into 96-well plates in DMEM containing 10% FBS and cultured for 24 h at room temperature. Subsequently, 10 µl Cell Counting Kit-8 (cat. no. 96992; Sigma-Aldrich; Merck KGaA) solution was added into each well, according to the manufacturer\'s protocol, and incubated for 4 h at 37°C. The absorbance at 450 nm was used a Multiskan GO microplate reader (Shanghai Bajiu Industrial Co., Ltd.). The experiment was conducted in triplicate and the average absorbance value was calculated.

### Western blot analysis

SiHa cells were washed twice with cold PBS and total protein was extracted from the cells using RIPA lysis buffer (Cell Signaling Technology, Inc.). Total protein was quantified using the bicinchoninic acid protein assay kit (Pierce; Thermo Fisher Scientific, Inc.). The extracted protein was denatured for 5 min at 100°C, and 50 µg/µl protein/lane was separated via 15% SDS-PAGE. The separated proteins were subsequently transferred onto PVDF membranes and blocked with 5% milk at room temperature for 1 h. The membranes were incubated with the following primary antibodies at 4°C overnight: Anti-N-cadherin (1:1,000; cat. no. ab18203; Abcam), anti-BTF3 (1:1,000; cat. no. ab203517; Abcam), anti-matrix metallopeptidase (MMP)9 (1:1,000; cat. no. ab73734; Abcam), anti-MMP2 (1:1,000; cat. no. ab37150; Abcam), anti-E-cadherin (1:1,000; cat. no. ab40772; Abcam) and anti-GAPDH (1:2,000; cat. no. ab8245; Abcam). Following the primary antibody incubation, the membranes were incubated with goat anti-mouse or goat anti-rabbit IgG (H+L) horseradish peroxidase-conjugated secondary antibodies (cat. nos. SA00001-1 and SA00001-2; 1:2000; ProteinTech Group, Inc.) for 2 h at room temperature and then washed with PBS three times. Protein bands were visualized using an ECL western blotting kit (cat. no. 93-K820-500; Hangzhou Multi Sciences (Lianke) Biotech Co., Ltd.) and the expression levels were semi-quantified using ImageJ v4.7 software (National Institutes of Health).

### Reverse transcription-quantitative PCR (RT-qPCR)

Total RNA was extracted from cells using TRIzol^®^ reagent (Invitrogen; Thermo Fisher Scientific, Inc.) and the concentration of RNA was measured using a NanoDrop™ spectrophotometer (NanoDrop Technologies; Thermo Fisher Scientific, Inc.), which was then diluted to 500 ng/µl. Total RNA was reverse transcribed into cDNA using a SuperScript™ II First-Strand cDNA synthesis kit (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer\'s protocol. qPCR was subsequently performed using a QuantiFast SYBR Green PCR kit (cat. no. 204057; Qiagen, Inc.) according to the manufacturer\'s protocol. The following thermocycling conditions were used for the qPCR: Initial denaturation at 94°C for 2 min; 35 cycles of 94°C for 30 sec, 63°C for 30 sec, 72°C for 1 min; and a final extension at 72°C for 7 min, prior to being maintained at 4°C. The following primer sequences used are listed in [Table I](#tI-mmr-22-03-1883){ref-type="table"}. Expression levels were quantified using the 2^−ΔΔCq^ method ([@b21-mmr-22-03-1883]) and normalized to the loading controls, GAPDH or U6, for mRNA or miR-802 expression, respectively.

### Statistical analysis

Statistical analysis was performed using GraphPad Prism v6.01 software (GraphPad Software, Inc.) and data are presented as the mean ± SD of ≥3 independent experiments. Statistical differences between two groups were determined using a paired Student\'s t-test, whereas statistical differences among multiple groups were analyzed using a one-way ANOVA, followed by a Bonferroni\'s correction post hoc test. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### miR-802 expression levels in cervical cancer tissues and cell lines

The expression levels of miR-802 were significantly decreased in the cervical cancer tissues compared with the adjacent tissue (P\<0.001; [Fig. 1A](#f1-mmr-22-03-1883){ref-type="fig"}). Similarly, the expression levels of miR-802 were observed to be significantly decreased in the cervical cancer cell lines (HeLa, C-33 A, SiHa and ME-180) compared with the EEC cell line (P\<0.001; [Fig. 1B](#f1-mmr-22-03-1883){ref-type="fig"}).

### Effect of the overexpression of miR-802 on cervical cancer cells

The expression levels of miR-802 were significantly increased following the transfection of the miR-802 mimic into SiHa cells compared with the control and NC-mimic groups (P\<0.001; [Fig. 2A](#f2-mmr-22-03-1883){ref-type="fig"}). However, following the overexpression of miR-802 in the cells, no significant difference was observed in the cell viability compared with the control group (P\>0.05; [Fig. 2B](#f2-mmr-22-03-1883){ref-type="fig"}). Moreover, a Transwell assay was performed to determine the migratory ability of SiHa cells; the results revealed that the overexpression of miR-802 significantly decreased the migratory rate compared with the control and NC-mimic groups (P\<0.001; [Fig. 2C and D](#f2-mmr-22-03-1883){ref-type="fig"}). Similarly, the cell invasive ability was significantly inhibited in the miR-802 mimic-transfected cells compared with the control and NC-mimic groups (P\<0.001; [Fig. 2E and F](#f2-mmr-22-03-1883){ref-type="fig"}).

### BTF3 is a direct target gene of miR-802

The possible target genes of miR-802 were predicted using TargetScan software and it was discovered that miR-802 bound to the 3′-UTR of BTF3 ([Fig. 3A](#f3-mmr-22-03-1883){ref-type="fig"}). Subsequently, two pmirGLO dual-luciferase reporter vectors, namely, BTF3-3′-UTR and BTF3-3′-UTR-mut, were constructed. BTF3-3′-UTR or BTF3-3′-UTR-mut were co-transfected with the miR-802 mimic into the cells. The miR-802 + BTF-3′-UTR group displayed significantly decreased relative luciferase activity compared with the other two groups: therefore, the results indicated that BTF3 was a direct target gene of miR-802 (P\<0.001; [Fig. 3B](#f3-mmr-22-03-1883){ref-type="fig"}). The expression levels of BTF3 in the pWZL-BTF3 group were significantly increased compared with the pWZL-NC and control groups, suggesting that the BTF3 overexpression transfections were successful (P\<0.001; [Fig. 3D](#f3-mmr-22-03-1883){ref-type="fig"}). Furthermore, the expression levels of miR-802 were significantly increased in the pWZL-BTF3 + miR-802 mimic group compared with the pWZL-BTF3 + NC-mimic group (P\<0.001; [Fig. 3C](#f3-mmr-22-03-1883){ref-type="fig"}). The highest expression levels of BTF3 were observed in the pWZL-BTF3 + NC-mimic group, whilst the expression levels of BTF3 in the pWZL-BTF3 + miR-802 mimic group were significantly decreased compared with the pWZL-BTF3 + NC-mimic group, but significantly increased compared with the miR-802 mimic group (P\<0.001; [Fig. 3E-G](#f3-mmr-22-03-1883){ref-type="fig"}).

### miR-802 suppresses cell migration, invasion and epithelial-mesenchymal transition (EMT) in cervical cancer cells through regulating BTF3 expression

The pWZL-BTF3 + NC-mimic group significantly increased cell viability compared with the pWZL-NC + NC-mimic group; however, co-transfection with the miR-802 mimic (pWZL-BTF3 + miR-802 mimic group) significantly reversed the effect of BTF3 on cell viability (P\<0.001; [Fig. 4A](#f4-mmr-22-03-1883){ref-type="fig"}). Moreover, the overexpression of BTF3 significantly increased the cell migratory rate compared with the pWZL-NC + NC-mimic group, whereas this effect was significantly inhibited following co-transfection with the miR-802 mimic (P\<0.001; [Fig. 4B and C](#f4-mmr-22-03-1883){ref-type="fig"}). Similarly, co-transfection with the miR-802 mimic significantly suppressed the function of BTF3 alone in promoting the cell invasive ability (P\<0.001; [Fig. 4D and E](#f4-mmr-22-03-1883){ref-type="fig"}). In addition, the regulatory effect of miR-802 on the EMT process of cervical cancer cells was investigated. The results demonstrated that the pWZL-BTF3 + NC-mimic group displayed significantly increased mRNA and protein expression levels of MMP2, MMP9 and N-cadherin compared with the pWZL-NC + NC-mimic group, whist inhibiting the expression levels of E-cadherin expression; however, the co-transfection of cells with pWZL-BTF and miR-802 mimic significantly reversed the effects of BTF3 on these genes (P\<0.001; [Fig. 4F-H](#f4-mmr-22-03-1883){ref-type="fig"}).

Discussion
==========

Due to cervical cytology screening being widely implemented worldwide, the incidence and mortality rates of cervical cancer are decreasing ([@b22-mmr-22-03-1883]). In addition, the development and clinical application of prophylactic tumor vaccines against cervical cancer are hypothesized to be able to effectively control cervical cancer in the next 20 to 30 years ([@b23-mmr-22-03-1883]). However, at present, the therapeutic strategies used to treat patients with cervical cancer are ineffective, especially for patients presenting with advanced metastasis ([@b24-mmr-22-03-1883]). Therefore, it is urgent and of great significance to determine the molecular mechanisms behind the occurrence, development and metastasis of cervical cancer.

miR-802, which is a newly discovered endogenous single-stranded non-coding small RNA molecule, has been found to be able to regulate the occurrence and development of gastric cancer, breast cancer and tongue squamous cell carcinoma ([@b14-mmr-22-03-1883],[@b25-mmr-22-03-1883],[@b26-mmr-22-03-1883]). In fact, a previous study observed that miR-802 expression was increased in osteosarcoma cells compared with the adjacent normal tissues ([@b27-mmr-22-03-1883]). Currently, the effects of miR-802 and cervical cancer have not been reported in detail; thus, the current study aimed to determine the mechanisms of action of miR-802 in cervical cancer tumors. Consistent with the expression levels in gastric cancer, breast cancer and tongue squamous cell carcinoma, it was revealed that miR-802 expression levels were decreased in cervical cancer tissues and cell lines compared with the control group.

Moreover, the effects of miR-802 on the biological activity of cervical cancer cells were investigated; it was discovered that the overexpression of miR-802 had no significant effect on the cell viability of cervical cancer cells, but it inhibited their invasive and migratory abilities, indicating that miR-802 may exert certain inhibitory effects over the regulation of cervical cancer cells. Furthermore, miR-802 was reported to promote osteosarcoma cell proliferation by targeting p27 ([@b27-mmr-22-03-1883]). A previous study also found that miR-802 promoted the proliferation of lung cancer cells through negatively regulating the tumor suppressor menin ([@b28-mmr-22-03-1883]), and inhibited the invasion and migration of gastric cancer cells, whilst promoting cell apoptosis by targeting RAB23 ([@b14-mmr-22-03-1883]).

TargetScan 7.2 software was used to predict that the signal transductor and transcriptional activator BTF3 was a potential target gene of miR-802; this was further validated in the present study using a dual-luciferase reporter assay, whereby miR-802 inhibited the activity of the BTF3 3′-UTR reporter gene. Several studies have previously reported that BTF3 regulated tumor cell migration and invasion ([@b29-mmr-22-03-1883]--[@b31-mmr-22-03-1883]); for example, Zhang *et al* ([@b32-mmr-22-03-1883]) reported that the genetic knockdown of BTF3 impaired the regulation of proliferation, the cell cycle and apoptosis in hypopharyngeal squamous cell carcinoma via the serine-protein kinase ATM signaling pathway ([@b32-mmr-22-03-1883]). BTF3 also promoted prostate cancer progression through modeling stem-like traits ([@b33-mmr-22-03-1883]). These studies indicated that BTF3 may have a role in promoting cancer. Thus, the roles of miR-802 and BTF3 in cervical cancer cells was further investigated and it was revealed that overexpressing miR-802 significantly reversed the function of BTF3 in promoting the cell viability, migration and invasion.

In addition, EMT refers to the process via which epithelial cells acquire invasive mesenchymal phenotypes and it is considered as an important mechanism in the initial stages of tumor cell metastasis ([@b34-mmr-22-03-1883]). EMT is closely related to the occurrence and development of cervical cancer tumors; therefore, it may be an important target for the treatment of cervical cancer ([@b35-mmr-22-03-1883]). Studies have increasingly demonstrated that miRNAs are important regulatory factors related to EMT; for instance, in cervical cancer, miR-145 and miR-1 inhibited the invasion and migration of cancer cells through regulating EMT ([@b36-mmr-22-03-1883],[@b37-mmr-22-03-1883]). Zhang *et al* ([@b38-mmr-22-03-1883]), also reported that knocking down BTF3 expression increased E-cadherin expression, but decreased N-cadherin and ZEB2 expression, which had an overall effect of downregulating EMT processes in gastric cancer ([@b38-mmr-22-03-1883]). In the current study, the overexpression of BTF3 increased the expression levels of N-cadherin and inhibited those of E-cadherin. Notably, the protein expression levels of E-cadherin were increased in the cells which overexpressed miR-802, suggesting that miR-802 may suppress EMT in cervical cancer through targeting BTF3. In addition, MMP2 and MMP9 are considered as proteins related to tumor metastasis, and it was previously reported that decreasing their expression levels inhibited the migration and progression of cancer cells ([@b39-mmr-22-03-1883]). In the present study, the overexpression of miR-802 markedly suppressed the expression levels of MMP2 and MMP9 in cells by regulating BTF3 expression.

However, this study also has several limitations; for example, the results obtained would be more convincing if multiple cervical cancer cell lines were used in the study to investigate the role of miR-802 in cervical cancer. In addition, the present study did not include *in vivo* experiments, which could verify miR-802 targeting of BTF3.

In conclusion, the findings of the current study suggested that the overexpression of miR-802 may suppress cervical cancer progression by decreasing BTF3 expression levels, indicating that miR-802 may be a potential therapeutic target for the treatment and prognosis of patients with cervical cancer.
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![miR-802 expression in cervical cancer tissues and cell lines. (A) Expression levels of miR-802 in cervical cancer tissues and adjacent tissues was determined using RT-qPCR. N=3; \*\*\*P\<0.001 vs. adjacent tissue. (B) RT-qPCR was performed to determine the expression levels of miR-802 in human EECs and cervical cancer cell lines (HeLa, C-33 A, SiHa and ME-180). N=3; \*\*\*P\<0.001 vs. Ect1/E6E7. miR, microRNA; RT-qPCR, reverse transcription-quantitative PCR.](MMR-22-03-1883-g00){#f1-mmr-22-03-1883}

![Effects of miR-802 overexpression on cervical cancer cells. (A) Reverse transcription-quantitative PCR was performed to determine the transfection efficiency of miR-802 in SiHa cells. U6 served as the internal reference gene. N=3; \*\*\*P\<0.001 vs. control; ^\#\#\#^P\<0.001 vs. NC-mimic. (B) Cell Counting Kit-8 assay was performed to analyze the effects of the miR-802 mimic on the viability of SiHa cells. (C and D) A Transwell assay was performed to determine the migratory ability of SiHa cells. Scale bar, 50 µm; magnification, ×200; n=3; \*\*\*P\<0.001 vs. control; ^\#\#\#^P\<0.001 vs. NC-mimic. (E and F) Invasive ability of SiHa cells was analyzed using a Transwell assay. Scale bar, 50 µm; magnification, ×200; n=3; \*\*\*P\<0.001 vs. control; ^\#\#\#^P\<0.001 vs. NC-mimic. miR, microRNA; NC, negative control.](MMR-22-03-1883-g01){#f2-mmr-22-03-1883}

![miR-802 directly targets BTF3 and its expression in cervical cancer cells. (A) TargetScan 7.2 software was used to predict the possible target genes of miR-802. (B) Dual-luciferase reporter assay was performed to determine the relative luciferase activity of BTF3. N=3; \*\*\*P\<0.001 vs. control + BTF3-3′-UTR; ^\#\#\#^P\<0.001 vs. miR-802 + BTF3-3′-UTR-mut. (C) RT-qPCR was used to analyze the expression levels of miR-802. U6 served as the internal reference gene. N=3; ^\^\^\^^P\<0.001 vs. pWZL-BTF3 + NC-mimic. (D) RT-qPCR was performed to detect the expression levels of BTF3. GAPDH served as the internal reference gene. N=3; \*\*\*P\<0.001 vs. control; ^\#\#\#^P\<0.001 vs. pWZL-NC. (E and F) Western blotting was performed to determine the expression levels of BTF3. N=3; \*\*\*P\<0.001 vs. pWZL-NC + NC-mimic; ^\#\#\#^P\<0.001 vs. pWZL-BTF3 + NC-mimic; ^\^\^\^^P\<0.001 vs. miR-802 mimic; sssP\<0.001 vs. NC-mimic. (G) RT-qPCR was performed to analyze the expression levels of BTF3. GAPDH served as the internal reference gene. N=3; \*\*\*P\<0.001 vs. pWZL-NC + NC-mimic; ^\#\#\#^P\<0.001 vs. pWZL-BTF3 + NC-mimic; ^\^\^\^^P\<0.001 vs. miR-802 mimic; ^\$\$\$^P\<0.001 vs. NC-mimic. miR, microRNA; NC, negative control; BTF3, basic transcription factor 3; RT-qPCR, reverse transcription-quantitative PCR.](MMR-22-03-1883-g02){#f3-mmr-22-03-1883}

![miR-802 suppresses cell migration, invasion and epithelial-mesenchymal transition in cervical cancer cells through regulating BTF3 expression. (A) Cell Counting Kit-8 assay was performed to detect the viability of SiHa cells. n=3; \*\*\*P\<0.001 vs. control; ^\#\#\#^P\<0.001 vs. pWZL-NC + NC-mimic; ^\^\^\^^P\<0.001 vs. pWZL-BTF3 + NC-mimic. (B and C) Transwell assay was performed to determine the migratory ability of SiHa cells. Scale bar, 50 µm; magnification, ×200; n=3; \*\*\*P\<0.001 vs. control; ^\#\#\#^P\<0.001 vs. pWZL-NC + NC-mimic; ^\^\^\^^P\<0.001 vs. pWZL-BTF3 + NC-mimic; ^\$\$\$^P\<0.001 vs. pWZL-BTF3 + miR-802 mimic. (D and E) Invasive ability of SiHa cells was analyzed using a Transwell assay. Scale bar, 50 µm; magnification, ×200; n=3; \*\*\*P\<0.001 vs. control; ^\#\#\#^P\<0.001 vs. pWZL-NC + NC-mimic; ^\^\^\^^P\<0.001 vs. pWZL-BTF3 + NC-mimic; ^\$\$\$^P\<0.001 vs. pWZL-BTF3 + miR-802 mimic. (F) Expression levels of MMP9, MMP2, E-cadherin and N-cadherin were detected using reverse transcription-quantitative PCR. N=3; \*\*\*P\<0.001 vs. control; ^\#\#\#^P\<0.001 vs. pWZL-NC + NC-mimic; ^\^\^\^^P\<0.001, vs. pWZL-BTF3 + NC-mimic; ^\$\$\$^P\<0.001 vs. pWZL-BTF3 + miR-802 mimic. (G and H) Western blotting was used to analyze the expression levels of MMP9, MMP2, E-cadherin and N-cadherin. N=3; \*\*\*P\<0.001 vs. control; ^\#\#\#^P\<0.001 vs. pWZL-NC + NC-mimic; ^\^\^\^^P\<0.001 vs. pWZL-BTF3 + NC-mimic; ^\$\$\$^P\<0.001 vs. pWZL-BTF3 + miR-802 mimic. GAPDH served as the internal reference control. miR, microRNA; NC, negative control; BTF3, basic transcription factor 3; MMP, matrix metallopeptidase.](MMR-22-03-1883-g03){#f4-mmr-22-03-1883}

###### 

Primers used for the reverse transcription-quantitative PCR.

  Gene                           Primer sequence (5′→3′)         Species
  ------------------------------ ------------------------------- ---------
  N-cadherin                     F: ATGAAGAAGGTGGAGGAGA          Human
                                 R: AGATCGGACCGGATACT            
  E-cadherin                     F: TGGAGGAATTCTTGCTTTGC         Human
                                 R: CGTACATGTCAGCCAGCTTC         
  Basic transcription factor 3   F: AGCTTGGTGCGGATAGTCTGA        Human
                                 R: GTGCTTTTCCATCCACAGATTG       
  MMP2                           F: TCTCCTGACATTGACCTTGGC        Human
                                 R: CAAGGTGCTGGCTGAGTAGATC       
  MMP9                           F: TTGACAGCGACAAGAAGTGG         Human
                                 R: GCCATTCACGTCGTCCTTAT         
  GAPDH                          F: GCTGGCGCTGAGTACGTCGTGGAGT    Human
                                 R: CACAGTCTTCTGGGTGGCAGTGATGG   
  microRNA-802                   F: CGTTGTGTAGCTTATCAGACTG       Human
                                 R: AATGGTTGTTCTCCACACTCTC       
  U6                             F: TGACTTCCAAGTACCATCGCCA       Human
                                 R: TTGTAGAGGTAGGTGTGCAGCAT      

MMP, matrix metallopeptidase; F, forward; R, reverse.
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